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Definitions
• Semantic Web

– An extension of the current web in which information is given well-
defined meaning, better enabling computers and people to work in
cooperation, www.semanticweb.org

• Primer: http://www.ics.forth.gr/isl/swprimer/

• Semantic Grid
– Semantic services to use the resources of many computers

connected by a network to solve large scale computational problems
• Ontology (n.d.).

– An explicit formal specification of how to represent the objects,
concepts and other entities that are assumed to exist in some area
of interest and the relationships that hold among them.

– The Free On-line Dictionary of Computing. http://dictionary.reference.com/browse/ontology

• DL - Description Logic
• FOL - First Order Logic
• RDF - Resource Description Framework
• OWL - Ontology Web Language (Lite, DL, Full)



Application Areas for SW
• Smart search
• Annotation (even simple forms)
• Geospatial
• Data integration
• Web content mining with natural language parsing
• User interface development (portals)
• Semantic desktop
• Wikis - OntoWiki, SemanticMediaWiki
• Sensor Web
• Software engineering
• Implementing logic (rules), e.g. in workflows
• Web services
• Explanation
• Verification …. and the list goes on



Semantic Web Myths
• ‘the Semantic Web is a reincarnation of Artificial

Intelligence on the Web’
• ‘it relies on giant, centrally controlled ontologies for

"meaning" (as opposed to a democratic, bottom-up
control of terms)’

• ‘one has to add metadata to all Web pages, convert
all relational databases, and XML data to use the
Semantic Web’

• ‘it is just an ugly application of XML’
• ‘one has to learn formal logic, knowledge

representation techniques, description logic, etc, to
use it’

• ‘it is, essentially, an academic project, of no interest
for industry’



SW !=  ontologies on the web (!)
• Ontologies are important, but use them only when necessary
• You can be a perfectly decent citizen of the Semantic Web if

you do not use Ontologies, not even RDFS!
• The Semantic Web is about integrating data on the Web;

ontologies (and/or rules) are tools to achieve that when
necessary

• SW ontologies != some big (central) ontology
– The ethos of the Semantic Web is on sharing, ie, sharing possibly

small ontologies
– A huge, central ontology would be unmanageable OWL includes

statements for versioning, for equivalence and disjointness of terms
• The practice:

– SW applications using ontologies always mix large number of
ontologies and vocabularies (FOAF, DC, and others)

– the real advantage comes from this mix: that is also how new
relationships may be discovered

• http://www.metamodel.com/article.php?story=20030115211223271



Semantic Web Basics
• Lots of tools are available. Are listed on W3C’s

wiki: RDF programming environment for 14+
languages, including C, C++, Python, Java,
Javascript, Ruby, PHP,...(no Cobol or Ada yet ;-( )

• 13+ Triple Stores, ie, database systems to store
(sometimes huge!) datasets

• Some of the tools are Open Source, some are not;
some are very mature, some are not: it is the usual
picture of software tools, nothing special any more!

• Anybody can start developing RDF-based
applications today

• OWL 1.0 - Ontology Web Language is a W3C
standard, OWL 1.1 on the way













E.g.’s of what is encoded
• Large datasets are accumulating. E.g.:

– IngentaConnect bibliographic metadata storage: over 200 million
triplets

– RDF version of Wikipedia: more than 47 million triplets
– Tracking the US Congress: data stored in RDF (around 25 million

triplets)RDFS/OWL
– Representation of Wordnet: also downloadable as 150MB of

RDF/XML
– Departement/canton/commune structure of France published by the

French Statistical Institute
• Large ontologies are being developed (converted from other

formats or defined in OWL)
– eClassOwl: eBusiness ontology for products and services, 75,000

classes and 5,500 properties
– The Gene Ontology: to describe gene and gene product attributes in

any organism
– UniProt: protein sequence and annotation terminology and data

• However, they do not have to be ‘large’



What about Earth Science?
• SWEET (Semantic Web for Earth and Environmental

Terminology)
– http://sweet.jpl.nasa.gov
– based on GCMD terms
– modular using faceted and integrative concepts

• VSTO (Virtual Solar-Terrestrial Observatory)
– http://vsto.hao.ucar.edu
– captures observational data (from instruments)
– modular using domains

• MMI
– http://marinemetadata.org
– captures aspects of marine data, ocean observing systems
– partly modular, mostly by developed project

• GeoSciML
– http://www.opengis.net/GeoSciML/
– is a GML (Geography ML) application language for Geoscience
– modular, in ‘packages’



Best practices
• Modular ontologies…. Driven by use cases
• Rapid prototyping using common tools
• Go “Lite” as much as possible, then DL and only if you have

to Full -  balancing expressibility vs. implementability
• RDF (the model) is not RDF/XML (the encoding)
• There are also a number ‘core vocabularies’ (not necessarily

OWL based)
– SKOS Core: about knowledge systems
– Dublin Core: about information resources, digital libraries, with

extensions for rights, permissions, digital right management
– FOAF: about people and their organizations
– DOAP: on the descriptions of software projects
– MusicBrainz: on the description of CDs, music tracks, ...
– SIOC: Semantically-Interlinked Online Communities...

• One should never forget: ontologies/ vocabularies must be
shared and reused! swoogle.umbc.edu, www.planetont.org



Best Practices - ctd.
• The W3C SW Best Practices and

Deployment Working Group
(http://www.w3.org/2001/sw/BestPractices/) has developed
some documents:
– Best Practice Recipes for Publishing RDF

Vocabularies
– Defining N-ary relations
– Representing Classes As Property Values
– Representing "value partitions" and "value sets"
– XML Schema Datatypes in RDF and OWL

• The work is continuing in the (new) SW
Deployment Working Group
(http://www.w3.org/2006/07/SWD/)



Query
• Querying RDF graphs becomes essential

– SPARQL is almost here query language based on graph patterns
– There is also a protocol layer to use SPARQL over, eg, HTTP
– There are a number of implementations already
– There are also SPARQL ‘endpoints’ on the Web: send a query and a

reference to data over HTTP GET, receive the result in XML or JSON
– applications may not need any direct RDF programming any more,

just a SPARQL endpoint
– http://www.sparql.org/ and http://www.w3.org/TR/rdf-sparql-query/

• Not a W3C recommendation yet (mid-2007?)!
• Some features are missing

– query on list/sequence/set membership
– control and/or description on the entailment regimes of the triple store

(RDFS? OWL-DL? OWL-Lite? ...)
– modify the triple store

• Other options XQUERY, SeRQL, OWL-QL, RDFQuery



Reasoners (aka Inference engines)

• Pellet
• Racer (and Racer Pro)
• Medius KBS
• FACT++
• fuzzyDL
• KAON2
• MSPASS
• QuOnto
• Jess (for Rules)



‘Collecting’ the ‘data’
• Part of the (meta)data information is present in tools ... but thrown away

at output e.g., a business chart can be generated by a tool: it ‘knows’ the
structure, the classification, etc. of the chart,but, usually, this information
is lost storing it in web data would be easy!

• SW-aware tools are around (even if you do not know it...), though more
would be good:
– Photoshop CS stores metadata in RDF in, say, jpg files (using XMP)
– RSS 1.0 feeds are generated by (almost) all blogging systems (a huge

amount of RDF data!)
• Scraping - different tools, services, etc, come around every day:

– get RDF data associated with images, for example: service to get RDF from
flickr images

– service to get RDF from XMP
– XSLT scripts to retrieve microformat data from XHTML files
– scripts to convert spreadsheets to RDF

• SQL - A huge amount of data in Relational Databases
– Although tools exist, it is not feasible to convert that data into RDF
– Instead: SQL ⇋ RDF ‘bridges’ are being developed: a query to RDF data is

transformed into SQL on-the-fly
– the modalities are governed by small, local ontologies or rules



Future Collecting
• RDFa (formerly known as RDF/A) extends XHTML

by:
– extending the link and meta to include child elements
– add metadata to any elements (a bit like the class in

microformats, but via dedicated properties)
• It is very similar to microformats, but with more

rigor:
– it is a general framework (instead of an ﾒagreementﾓ on

the meaning of, say, a class attribute value)
– terminologies can be mixed more easily

• The W3C Working Group on SW Deployment has
this on its charter

• May be considered as an alternative serialization of
(part of) RDF; may be bound to GRDDL in practice



Rules (aka ‘Logic’)
• OWL-DL and OWL-Lite are based on

Description Logic
• There are things that DL cannot express

(though there are things that are difficult to
express with rules and easy in DL...)
– A well known examples is Horn rules (eg, the
‘uncle’ relationship): (P1 ∧ P2 ∧ ...) → C

– e.g.: for any X, Y and Z: if Y is a parent of X, and
Z is a brother of Y then Z is the uncle of X

• Several attempts already to combine
Semantic Web with Rules (Metalog, RuleML,
SWRL, WRL, cwm, ...)



Services
• Ontologies of services, provides:

– What does the service provide for prospective clients?
The answer to this question is given in the "profile," which
is used to advertise the service. To capture this
perspective, each instance of the class Service presents
a ServiceProfile.

– How is it used? The answer to this question is given in the
"process model." This perspective is captured by the
ServiceModel class. Instances of the class Service use
the property describedBy to refer to the service's
ServiceModel.

– How does one interact with it? The answer to this
question is given in the "grounding." A grounding provides
the needed details about transport protocols. Instances of
the class Service have a supports property referring to a
ServiceGrounding.



Services, not standard…
• Submissions to W3C

– OWL-S -
http://www.w3.org/Submission/OWL-S

– SWSO/F/L - Semantic Web Services
Ontology/Framework/Language -
http://www.w3.org/Submission/SWSF/

– WSMO/X/L - Web Services Modeling
Ontology/Exection/Language -
http://www.w3.org/Submission/WSMX/
www.wsmo.org, www.wsmx.org



Explanation, Proof (path to Trust)
• Proof markup language (PML)

– an interlingua representation for justifications of
results produced by Semantic Web services

• Not W3C, but no competition
• Implemented in InferenceWeb

(http://iw.stanford.edu)
• CWM and N3 and theorem provers - not yet

adapted to OWL-based languages



Creating Ontologies - UML, CMAP
• New release of ODM/MOF

– Ontology Definition Metamodel/Meta Object Facility
(OMG) for UML

– Provides standardized notation
– Available for a fee (!) from OMG
– Books likely to be available soon

• CMAP (concept mapping tool from IHMC)
– Drag/drop visual development of classes, subclass (is-a)

and property relationship
– Produces an XML file (not OWL)
– No formal convention
– Suggest avoid making your CMAP a graph (directed-

cyclic)
• White board, text file











Editors
• Protégé (http://protégé.stanford.edu)
• SWOOP (http://mindswap.org/2004/SWOOP; see

also http://www.mindswap.org/downloads/)
• Altova SemanticWorks

(http://www.altova.com/download/semanticworks/se
mantic_web_rdf_owl_editor.html)

• SWeDE (http://owl-
eclipse.projects.semwebcentral.org/InstallSwede.ht
ml), goes with Eclipse

• Medius



Triple Stores
• Jena (http://jena.sourceforge.net/)
• SeSAME/SAIL (http://www.openrdf.org/)
• KOWARI (http://www.kowari.org/) ->
• Mulgara (http://www.mulgara.org/)
• Redland (http://librdf.org/index.html)
• Many others (relational, object-relational)



Software development tools
• Protégé, w/ plug-ins - some better than

others
• SWOOP (OWL analyzer, partitioner)
• Jena (http://jena.sourceforge.net/)
• Eclipse (full integrated development

environment for Java;
http://www.eclipse.org/)







Ph.D. topics ;-)
• Fuzzy logic

– look at alternatives of Description Logic based on fuzzy
logic

– alternatively, extend RDF(S) with fuzzy notions
• Probabilistic statements

– have an OWL class membership with a specific
probability

– combine reasoners with Bayesian networks
• Security, trust, provenance

– combining cryptographic techniques with the RDF model,
sign a portion of the graph, etc

• Ontology merging, alignment, term equivalences,
versioning, development, ...



Tutorial Summary
• Semantics are in-use in a variety of fields
• Substantial RDF and OWL encodings of

knowledge
• Standards are in place in key areas, some

not quite
• Tools are in reasonable shape, no killer-tool
• Best practices DO exist, even in Earth

Sciences
• PARTNER with someone already familiar
• A little semantics goes a long way (DLM)



How to get involved
• ESIP Semantic Web Cluster

– http://wiki.esipfed.org/index.php/Semantic_Web
– esip-semanticweb@rtpnet.org, subscribe at

http://rtpnet.org/mailman/listinfo/esip-semanticweb
– Telecon schedule - monthly - 11am (PT). noon (MT), 1pm (CT), 2pm

(ET)  - 2nd Tuesday starting in January
– Meeting 8am, Thursday Jan. 4th
– Semantic Web Technology tracks (Wed/Thu)
– Joint meetings with Metadata and Web Services
– Demos and a discussion of SWEET and community ontology

development

• NASA/DSWG/TIWG Semantic Web sub-group
– Semantic Web sub-group meets by telecon, 4th Thursday: 4pm

ET/1pm PT as part of TIWG
– http://teambps.mywsssite.com/seeds/wg/infusion/default.aspx



NASA/DSWG/TIWG

• Semantic Web Technology Infusion
Roadmap

• Version 0.5
• Soliciting feedback



Terminology
• Ontology (n.d.). The Free On-line Dictionary

of Computing.
http://dictionary.reference.com/browse/ontol
ogy
– An explicit formal specification of how to

represent the objects, concepts and
other entities that are assumed to exist
in some area of interest and the
relationships that hold among them.

• Semantic Web
– An extension of the current web in which

information is given well-defined meaning,
better enabling computers and people to work
in cooperation, www.semanticweb.org

– Primer: http://www.ics.forth.gr/isl/swprimer/
• Semantic Grid

– Semantic services to use the resources of
many computers connected by a network to
solve large scale computational problems

• Technology Infusion Roadmap
– Timeline for widespread adoption of key

technologies including tailoring to Earth
science needs

• Service Oriented Architecture, Web Services, Service
Chaining - see Web Services Roadmap

• Languages
– OWL - Web Ontology Language (W3C)
– RDF - Resource Description Framework (W3C)
– OWL-S/SWSL - Web Services (W3C)
– WSMO/WSML - Web Services (EC/W3C)
– SWRL - Semantic Web Rule Language
– PML - Proof Markup Language
– ODM/MOF - Ontology Definition

Metamodel/Meta Object Facility (OMG)
– Editors: Protégé, SWOOP, Medius, SWeDE

• Reasoners
– Pellet, Racer, Medius KBS, FACT++, fuzzyDL,

KAON2, MSPASS, QuOnto
• Query Languages

– SPARQL, XQUERY, SeRQL, OWL-QL,
RDFQuery

• Other Tools for Semantic Web
– Search: SWOOGLE swoogle.umbc.edu
– Collaboration: www.planetont.org
– Other: Jena, SeSAME/SAIL, Mulgara, Eclipse,

KOWARI
– Semantic wiki: OntoWiki, SemanticMediaWiki

• Emerging Semantic Standards for Earth
Science

– SWEET, VSTO, MMI, GeoSciML



Background: Technology Infusion Process

• Established a capability vision for Earth science information systems
• Identified Interoperable Information Services as a key capability in the vision
• Identified semantic web as one of the primary supporting technologies
• Currently defining a roadmap for semantic web technology infusion

Capability
Needs

Technology
Projections

Technology
Roadmaps

Technology
DevelopmentTechnology

Infusion

Operational
Systems Identified

Gaps

Solicitation
Formulation

Peer Review &
Competitive Selection

Capability
Vision



Infusing Semantic Web Will Help Realize the Vision for
all Middleware Services and Assisted Capabilities

Assisted Data
& Service
Discovery

Assisted
Knowledge

Building

Interactive
Data Analysis

Interoperable
Information

Services

Seamless
Data Access

Responsive
Information

Delivery

Verifiable
Information

Quality

Evolvable Technical Infrastructure

Community
Modeling

Frameworks

Scalable
Analysis
Portals

Semantic Web Technology Infusion
(OWL, OWL-S, SWSL, SWSO)

(SWSF, Jena, Eclipse, SeSAME, etc.)



Assisted Data & Service Discovery
• Vision

– Semantic and content-based search allows
researchers to quickly and easily identify
information needed to support their
analysis using proper names, domain-
specific jargon, and high-level
specifications

• Annotation - detail of how to bridge bw
vision and enabling tech….

• Enabling technologies
– Data and service description standards

(XML, WSDL, RDF, OWL,OWL-S, DAML),
web service directories (UDDI), syndication
services (RSS), topic maps

– Rule-based logic systems
– Established directory services (GCMD,

ECHO, THREDDS)

Gazetteer
Product
CatalogEvent

Catalog Search
TermsData

Inventory
Content
Analysis

Value added nature of semantics, 
reasoning, query expansion, term narrowing,

 unifying/abstracting selection workflows,
concepts,  ontologies, domain specific - enable….

SWEET, others.



Assisted Knowledge Building
• Vision

– Provide research and operations
assistance using intelligent systems

• Enabling technologies
– Data mining algorithms (Support vector

machines, independent component
analysis, rule induction)

– Data mining toolkits (Adam, D2K,
Darwin)

– Data mining plug-ins (IMAGINE, ENVI,
ArcGIS)

– Data and service description standards
(XML, WSDL, RDF, OWL, DAML), web
service directories (UDDI), syndication
services (RSS), topic maps

– Rule-based logic systems



Interactive Data Analysis

• Vision
– Reduce research

algorithm
implementation from
months to hours

• Enabling technologies
– Visual grammars
– Visual programming

environments (Cantata,
Triana, Grist/Viper, Wit)

– High-level analysis tools
(IDL, Matlab,
Mathematica)



Seamless Data Access
• Vision

– Users can access current data
from authoritative sources
from any programming
environment or analysis tool
regardless of the data’s
physical location

• Enabling technologies
– Network data access

protocols (OpenDAP,
WMS/WCS, WebDAV,
GridFTP)

– Established data server tools
(MapServer, DODS/LAS,
ArcWeb)

– Semantic metadata (OWL-S)

Winds SST

Topo



Interoperable Information Services

• Vision
– Increase synergy in the Earth

science community by
leveraging in-place resources
and expertise to provide
information services on
demand

– Allows researcher to simply
invoke remote services from
within a local analysis tool

• Enabling technologies
– Network service protocols

(SOAP, Java RMI, OPeNDAP,
CORBA)

– Utility/grid computing
protocols & toolkits (Globus)

– Semantic metadata (OWL-S)

Alg 1

Alg 2
Alg 3

Alg 1

Alg 2
Alg 3

Alg 1

Alg 2
Alg 3



Responsive Information Delivery

• Vision
– Ensure research

priorities are met and
enable new uses of
Earth science data

• Enabling technologies
– Optical networks

(National LambdaRail)
– Peer-to-peer networks

with swarming
(Modster)

– Direct downlink
(MODIS/AIRS DDL)



Verifiable Information Quality

• Vision
– Provide confidence in

information products
and enable the
community information
provider marketplace

• Enabling technologies
– Data pedigree

algorithms (Ellis)
– Machine-readable

formats (XML) and
semantics (OWL-S)

Value added nature of semantics
Need to be able to describe the various 

dimensions information quality in a consistent way. 
Some work in progress on ontologies for information quality

http://www.qurator.org/ publications
Managing Information Quality in e-science 

http://euindia.dimi.uniud.it/wo6presentation/Missier.ppt 
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Semantic Web Roadmap
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Semantic Web: Roadmap Details

SWEET Core 1.0

VSTO, MMI, others

Semantics Proof/Trust

Built into code
logic and in
the head of
the user

Basic
semantics
(DL, FOL)

Syntax Explanation/Rules

High degree of
semantic

understanding

Intelligent
message

routing (SOL)

Current              Near Term              Mid Term            Long Term

SWEET core 2.0 +
domain and math

plug-in

Standard workflow
language (BPEL)

Intelligent
algorithm

programming
chaining

Competing
catalog

schemas

Common semantic
service catalog

established

Inference

Earth
Science
Standards

Workflow

Discovery

SWEET 3.0 +
science

applications plug-in

Semantic
service

chaining,
SWSL

XML, RDF OWL-DL, OWL-Full

WSML
Languages OWL-S, SWRL

Enhanced semantic
search into search

engines

Automatic knowledge
discovery and mining

GCMD, CF,
ESML, GML, etc.

Semantic
framework for Web

Services, WSMO

PML



Ongoing Steps
• Refine roadmap milestones

– Identify issues specific to Earth science
– Review dependencies and revise milestone order

• Formulate recommendations
– Recommend actions that NASA can take to help

achieve milestones (to ESTO by April, 2007)
• Start the infusion process

– Identify technology candidates that could be
submitted to the DSWG standards process to
accelerate infusion

– Identify technology champions (groups and
individuals) to shepherd technologies through the
process, e.g. ESIP semantic web cluster


